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(57) Abstract: An industrial robot comprising a manipulator (3), a control unit (2) for controlling the manipulator, a portable op- 
erating unit (1) for teaching and manually operating the robot, which operating unit is adapted for wireless communication with the 
control unit, and an emergency stop unit (10). The emergency stop unit (10) is arranged movable and the portable operating unit (I) 
comprises a first receiving member (8) for receiving the emergency stop unit. 
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5 AN INDUSTRIAL ROBOT 

FIELD OF THE INVENTION 

The present invention relates to an industrial robot comprising a 
10 manipulator, a control unit for controlling the manipulator, a 
portable operating unit for tieaching and manually operating the 
robot, which operating unit is adapted for wireless communica- 
tion with the control unit, and an emergency stop unit for stop- 
ping the manipulator upon activating it. 

15 

The present Invention also relates to an Industrial robot system 
comprising a plurality of industrial robots, each having a mani- 
pulator, a control unit for controlling the manipulator and an 
emergency stop unit for stopping the manipulator upon activat- 
20 ing it, and at least one portable operating unit for teaching and 
programming the robots, which portable operating unit is 
adapted for wireless communication with the control units. 

The present invention further relates to a portable operating unit 
25 for an industrial robot having a manipulator and a control unit for 
controlling the manipulator, the operating unit comprising means 
for manually operating the robot and means for wireless com- 
municating with the control unit. 

30 The present invention further relates to a method for controlling 
the functioning of an emergency stop unit for an industrial robot 
comprising a manipulator, a control unit for controlling the ma- 
nipulator, and a portable operating unit for teaching and manu- 
ally operating the robot, which portable operating unit is adapted 

35 for wireless communication with the control unit. 
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The invention also relates to the use of an industrial robot for 
operation control of a spot welding station. 

A portable operating unit is generally denoted a teach pendant, 
5 and is used for manually controlling the robot, for example to 
teach or program the robot to follow an operiating path. 

PRIOR ART 

10 Robots are used to carry out repetitious and precise tasks, such 
as welding, and painting of components. The robots are pro- 
grammed to carry out a work or a work cycle along an operating 
path. In order to program or teach the robot its working cycle, 
the robot is manipulated to various positions along the desired 

15 operating path. These positions are stored as instructions in a 
memory in the control unit. Other information, such as desired 
robot movement velocity, may also be stored in the memory. 
- During operation of the robot, the program instructions are exe- 
cuted, thereby making the robot operate as desired. 

20 

Various devices used to facilitate the programming of robots are 
known in the art. For example U.S. Pat. No. 4,888,708 issued to 
Brantmark et al discloses a portable teach pendant, for teaching 
and manually operating the robot, by use of a joystick, a key- 

25 board, and a visual display unit. The keyboard has various func- 
tion keys which permit an operator to select different states for 
the control system. The teach pendant may for example be used 
for. monitoring the robot program, changing certain variables in 
the program, starting, stopping and editing the program, and for 

30 manually moving the manipulator by use of the joystick. The op- 
erator is teaching the robot while watching the motion of the 
manipulator. 

A robot can be operated in at least two modes: automatic and 
35 manual. The choice of mode, in which the robot shall operate, is 
made by switching a mode selector key on a control panel on 
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the control unit. When the robot is in the manual mode, the 
teach pendant has the exclusive right to operate the robot and 
thus no other operating units are allowed to control the robot. 
When the robot is in the automatic mode, some of the functions 
5 in the teach pendant are blocl<ed, for example the functioning of 
the joystick. 

The teach pendant disclosed in the above mentioned U.S. pat- 
ent is connected to the control unit via a flexible cable or wire. 

10 There are many problenis related to having a cable between the 
control unit and the teach pendant, particularly when there are 
several robots arranged near each other in a robot line. The ca- 
ble between the teach pendant and the control unit has to be 
rather long and the risk for twisting the cables of the robots is 

15 considerable. Neighboring robots could also have their cables 
twisted with each other and thus it is sometimes difficult to know 
to which robot a certain teach pendant belongs. There is also a 
risk for breakage of the cables resulting in loss of communica- 
tion between the teach pendant and the control unit. 

20 

From the German patent No. DE 195 36 293 it is known to use a 
wireless link for, exchange of information between the teach 
pendant and the robot. One advantage with a wireless connec- 
tion between the robot and the teach pendant is the possibility 
25 of using the same teach pendant for several robots. Accordingly, 
the teach pendant does not belong to a certain robot, and may 
be used together with any of the robots in a robot cell. 

Robots are usually placed in robot cells in order to facilitate the 
30 automation of a complex series of actions. When one of the ro- 
bots in a robot cell is to be placed under manual control using a 
wireless teach pendant, it is important that the teach pendant is 
communicating with and controlling the correct robot. It must be 
possible to ensure correct association between the wireless 
35 teach pendant and the control unit. Otherwise, there is a risk for 
personal injury, should the operator believe that he is operating 



wo 02/078913 



4 



PCT/SE02/00644 



a certain robot but is instead operating anotlier robot in the cell. 
Thus, a problem arising when using a teach pendant not physi- 
dally connected with the robot, Is how to ensure that the correct 
robot is connected with the teach pendant, 

5 

Another problem with wireless communication between the robot 
and the teach pendant Is the functioning of the emergency stop 
button on the teach pendant when the teach pendent is not con- 
nected with any robot. For safety reasons it is required that a 
10 visible emergency stop button stops the robot at any time the 
button is pushed. Accordingly, the teach pendant is not allowed 
to have a visible emergency stop button when it is not con- 
nected to any of the robots. 

15 SUMIVIARY OF THE INVENTION 

The object of the present invention Is to provide an industrial 
robot having a wireless operating unit which overcomes the pro- 
blems mentioned above and in particular the problem in connec- 
20 tion with the functioning of the emergency stop button. 

This object is achieved by means of the initially defined indus- 
trial robot, characterised in that said emergency stop unit Is ar- 
ranged movable and the portable operating unit comprises a first ' 

25 receiving member for receiving the emergency stop unit. Pref- 
' erably, the emergency stop unit comprises an emergency stop 
button. Such movable emergency stop unit makes it possible to 
remove the emergency stop button from the operating unit, when 
the operating unit is not connected to any robot, and then return 

30 the emergency stop button to the operating unit when the oper- 
ating unit is connected to a robot. Accordingly, it is ensured that 
if the operating unit has a visible emergency stop button, the 
emergency stop button will function. 

35 According to an embodiment of the invention, the robot com- 
prises a second receiving member for receiving the emergency 
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stop unit, arranged at or in connection witli the control unit. 
Preferably, the control unit comprises means for sensing the 
presence of the emergency stop unit and means for enabling the 
emergency stop unit upon presence in the second receiving 

5 member and the portable operating unit comprises means for 
sensing the presence of the emergency stop unit and means for 
enabling the emergency stop unit upon presence in the operat- 
ing unit. For safety reasons, it is important that the emergency 
stop button always works, even when it is not used in the oper- 

0 ating unit. To ensure that the emergency stop button always 
functions, the emergency stop button is moved to a second re- 
ceiving member in connection with the control unit when it is not 
used in the operating unit. The emergency stop button is en- 
abled when the emergency stop unit has been received, either 
15 by the first receiving member or by the second receiving mem- 
ber. 

According to a further embodiment of the invention, said mov- 
able emergency stop unit comprises means for carrying infor- 

20 mation about the identity of the robot, and the portable operat- 
ing unit comprises means for reading the robot identity from the 
emergency stop unit. To ensure that the emergency stop button 
on the operator unit, upon activation, deactivates the correct ro- 
bot, an identification of the robot is transmitted to the operating 

25 unit together with the movable emergency button. Accordingly, it 
is possible to ensure correct association between the wireless 
operating unit and the control unit of the robot and the risk for 
emergency stopping the wrong robot is reduced. 

30 According to a further embodiment of the invention the control 
unit comprises means for comparing the identity of the robot 
with the identity carried by the emergency stop unit and deter- 
mining whether the identities are equal. A problem associated 
with having a movable emergency stop unit is the risk for re- 

35 turning the emergency stop unit to the wrong robot. This prob- 
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lem is solved by providing tiie. control unit with means for 
ciiecking the identity of a received emergency stop unit. 

According to a further embodiment of the invention the portable 
5 operating unit comprises means for establishing a communica- 
tion with the control unit of the identified robot. A communication 
between the operating unit and the control unit of a robot cannot 
be established until the operating unit has received information 
about the identity of the robot, to which it shall be associated. 
10 Since the identification of the robot is transferred together with 
the emergency stop unit, no communication could be estab- 
lished until the emergency stop unit is present in the operating 
unit. Thus, the operating unit is not able to control the robot if 
the emergency stop button Is not present. When a communica- 
15 tion is established with the control unit, the control unit knows 
that the operating unit has received the emergency stop button. 

According to a further embodiment of the invention, the commu- 
nication between the portable operating unit and the control unit 

20 is carried out via a base station and the movable emergency 
stop unit comprises means for carrying information about the 
address of the base station. To facilitate the establishment of 
the communication between the portable operating unit and the 
control unit, the address of the base station is transferred to the 

25 operating unit through the emergency stop unit. For a robot cell, 
having several robots connected to a base station, the number 
of emergency stop units could be the same as the number of ro- 
bots in the cell. The emergency stop units will all have the same 
base station address, but different robot identities. 

30 

According to a further embodiment of the invention the control 
unit comprises means for measuring the time elapsed between 
the point of time when the emergency stop unit is removed from 
the second receiving member until a communication is estab- 
35 lished between the portable operating unit and the control unit. 
Preferably, the control unit comprises means for comparing said 
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time with a predetermined maximum time and activating tlie 
emergency stop unit depending on the result of said compari- 
son. For the purpose of detecting a loss of the emergency stop 
unit, a timer Is started upon removal of the emergency stop unit 
5 from the control unit. The timer Is stopped when the emergency 
stop unit is received by the operating unit and the communica- 
tion is established. If the time exceeds a predetermined maxi- 
mum time, an emergency stop of the robot Is executed. 

10 According to a further embodiment of the invention, the movable 
emergency, stop unit comprises an electronic hardv\/are device, 
for example an information storage device. According to a fur- 
ther embodiment of the invention, the movable emergency stop 
unit comprises a processor. 

15 

According to a further embodiment of the invention, the control 
unit comprises means for detecting lack of robot identity in the 
emergency stop unit and means for transferring the Identity of 
the robot to the emergency stop unit. Preferably, the control unit 
20 also comprises means for detecting lack of robot identity in the 
control unit itself and means for transferring the identity of the 
robot from the emergency stop unit to the control unit. 

A further object of the invention is to provide an Industrial robot 
25 system having a plurality of robots and at least one wireless op- 
erating unit which could operate anyone of the robots, If cor- 
rectly associated with it, which robot system overcomes the 
problems mentioned above and in particular the problem In con- 
nection with the functioning of the emergency stop button. This 
30 object Is achieved by the robot system as defined in claim 15. 

Another object of the invention is to provide a wireless portable 
operating unit overcoming the problem in connection with the 
functioning of the emergency stop button. This object is achiev- 
35 ed by the operating unit as defined in claim 20. 
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Another object of the invention is to provide a method for en- 
suring the functioning of an emergency stop unit for an industrial 
robot. This object is achieved by the method of the invention as 
defined in claim 25. 

5 

Many of the above mentioned means are effectuated by soft- 
ware instruction run on a processor in the operating unit or on a 
processor in the control unit, 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be explained more closely by the de- 
scription of different embodiments thereof and with reference to 
the appended drawings. 



15 



20 



30 



Fig. 1 is a perspective view of an industrial robot according to 
one embodiment of the invention, comprising an operat- 
ing unit adapted for wireless communication with a con- 
trol unit of the robot. 

Fig, 2 is a block diagram of the operating unit according to one 
embodiment of the invention. 



Fig. 3 is a blocl< diagram of the control unit of an industrial ro- 
25 bot according to one embodiment of the invention. 

Fig. 4 shows an industrial robot system according to one em- 
bodiment of the invention, comprising an . operating unit 
in wireless communication with the robots. 



DETAILED DESCRIPTION OF PREFERRED ElVIBODlMENTS 
OF THE INVENTION 



Figure 1 shows an industrial robot according to the invention, 
35 comprising a portable operating unit 1 and a control unit 2 cou- 
pled for transmitting data via a communication cable or a link to 
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a manipulator 3. The operating unit and the control unit are ad- 
apted for radio communication with each other. The control unit 
2 is capable of receiving, processing and outputting data sent to 
it from the operating unit. The operating unit 1 comprises a body 

5 4, a display screen 5 and a set of function keys 6, and a joysticl< 
7. The function keys 6 permit an operator to select various 
states for the control system. The joystick is used for controlling 
the movement of the manipulator when the robot is manually 
operated and could be used . as a mouse. The operating unit 1 

10 further comprises an antenna 9 for radio communication with the 
control unit 2 and an opening 8 adapted for receiving a movable 
emergency stop unit 10. The control unit 2 comprises an opera- 
tor panel 13 having keys for setting the control unit, an emer- 
gency stop button 14 and an opening 15 adapted for receiving 

15 the movable emergency stop unit 10. 

Figure 2 shows the operating unit 1 having received the movable 
emergency stop unit 10. At least a part of the emergency stop 
unit 10 is inserted into the opening 8. The emergency stop unit 

20 10 includes an emergency stop button 11 and contact elements 
12 adapted for being in electrical contact with corresponding 
contact elements 20 on a receiving member 21 positioned inside 
the operating unit 1. The emergency stop unit 10 further com- 
prises an electronic hardware device 22 including a memory or a 

25 register adapted for storing information about the identity of the 
robot, to which the emergency stop unit belongs. The receiving 
member 21 is adapted for sensing the presence of the. emer- 
gency stop unit 10 in the operating unit and reading information 
about the robot identity from the hardware device 22 to a data 

30 bus 23. The robot is arranged so that, the power supply to the 
manipulator is broken upon pushing the emergency stop button 
11. When the emergency stop unit 10 is received in the operat- 
ing unit 1, the button 11 is enabled and will trigger an emer- 
gency stop if activated. The enabling of the emergency stop 

35 button is effectuated by software instruction run on the proces- 
sor unit 24. 
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When the operating unit 1 has received the emergency stop unit 
10. the contact elements 12 of the emergency stop unit 10 and 
the contact elements 20 of the receiving member 21 are in elec- 

5 trical contact with each other. Information about the identity of 
the robot is transmitted from the hardware device 22 to the data 
bus 23 by the receiving member 21. The operating unit 1 further 
comprises a processing unit 24 adapted for processing data 
programs for controlling the function of the operating unit, a 

10 memory 25 for storing the data programs and the information 
about the robot identity, interface means 26 for coupling input 
and output signals between the data bus 23 and the display 
screen 5, the function keys 6 and the joystick 7, and a coupling 
element 27 for converting and coupling data between the an- 

15 tenna 9 and the data bus 23. 

Figure 3 shows the control unit 2 having received the movable 
emergency stop unit 10. At least a part of the emergency stop 
unit 10 is inserted into the opening 15. The contact elements 12 

20 of the emergency stop unit 10 are adapted for being in electrical 
contact with corresponding contact elements 30 on a receiving 
member 31 positioned inside the control unit. The receiving 
member 31 is adapted for sensing the presence of the emer- 
gency stop unit 10 In the control unit 2 and reading the informa- 

25 tion about the robot Identity from the hardware device 22 In the 
emergency stop unit 10 to the data bus 32. The control unit 1 
further comprises a processing unit 33, a memory 34 for storing 
data programs and parameters, a first Interface means 35 for 
transmitting input and output signals between the data bus 32 

30 and the operator panel 13, a coupling element 36 for converting 
and coupling data between an antenna 39 and the data bus 32. 
and a second interface means 38 for transmitting data and con- 
trol signals between the data bus 32 and the manipulator. The 
control unit 1 also includes a timer unit 37, discussed below. 



35 
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When the emergency Stop unit 10 is received by the control unit 
2, the emergency stop button 11 is enabled, i.e. upon pushing 
tlie emergency stop button 11 the power supply to the manipu- 
lator is broken. The enabling of the eniergency stop button is 
5 effectuated by software instruction run on the processor unit 33. 
Thus, the control unit has two working emergency stop buttons 
10, 14. The control unit needs two emergency stop buttons for 
ensuring that it always is provided with a stop button, even 
though one of them is moved to the operating unit. 

10 

When the operating unit 1 is not used, the emergency stop unit 
10 is positioned at the control unit 2. If an operator decides to 
use the operating unit, he moves the emergency stop unit 10 to 
the operating unit 1. The receiving member 21 senses the pres- 

15 ence of the emergency stop unit 10 and reads the information 
about the robot Identity from the hardware device 22 and trans- 
mits it. via the data bus 23. to the processor unit 24. When the 
processor unit has received the information about the robot 
identity, it establishes a radio contact with the control unit 2 of 

20 the identified robot, via the coupling element 27 and the antenna 
9. 

When the operating unit 1 is not to be used, the emergency stop 
unit 10 is returned to the control unit 2 and remains there until 

25 the next time the operating unit 1 is to be used. When the re- 
ceiving member 31 in the control unit has sensed the presence 
of the emergency stop unit 10, it transmits the information about 
the robot identity from the hardware device 22. via the data bus 
32. to the processor unit 33. When the processor unit 33 has re- 

30 ceived .the information about the robot identity, it compares it 
with a stored robot identity, for the purpose of checking that the 
received emergency stop unit is. the correct one, belonging to 
the robot. If the identities are not the same, the control unit will 
not accept receiving the emergency stop unit and will generate 

35 an alarm signal. 
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For the purpose of detecting a loss of the emergency stop unit 
10, the timer unit 37 is started when the emergency stop unit 10 
is removed from the control unit 2 and is stopped when the 
emergency stop button is received by the operating unit 1 and 
5 the communication is established. When the timer runs out, I.e. 
when the time elapsed exceeds a predetermined maximum 
value, an emergency stop is executed or any other action is 
taken. 

10 The robot may be operated in an automatic or a manual mode. 
Normally, the robot is in the automatic mode during work and in 
the manual mode during teaching. In an embodiment of the in- 
vention, the switching between the automatic and the manual 
mode could be effected by moving the emergency stop unit from 

15 the control unit to the operating unit and vice versa. Accord- 
ingly, upon sensing the presence of the emergency stop unit In 
the control unit, the robot is operated in automatic mode, i.e. the 
robot is under automatic control, and upon sensing the presence 
of the emergency stop unit in the operating unit, the robot is op- 

20 erated in the manual mode, I.e. the robot is controlled by the 
operating unit. 

Figure 4 shows a robot cell having six robots, each comprising a 
manipulator 3a-3f and a control unit 2a-2f. Each robot can be 

25 controlled via a portable operating unit 1. The control units 2a-2f 
and the operating unit 1 are adapted for being in radio commu- 
. nication with each other via a base station 40. For activating the 
operating unit 1 It needs to have the address to the base station 
40 and the identity of the robot to which it shall be connected. 

30 This is done by moving the movable emergency stop unit from 
the selected robot to. the operating unit. Beside the robot iden- 
tity, the hardware unit 22 comprises the address to the base 
station. The robot identity includes the network address of the 
robot to be controlled by the operating unit. The six emergency 

35 stop units 10a-10f have the same base station address but dif- 
ferent robot identities. In the example shown in figure 4, the ro- 
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bot comprising controller 2d is selected for being controlled by 
the operating unit 1. Thus, the emergency stop button 10d is 
moved to the operating unit 1. 

5 Each of the robots in the cell has an emergency stop unit. If the 
cell comprises more than one operating uriit 1, the emergency 
stop units can be used in any of the operating units, but the 
control units will only accept one unique emergency stop unit. 
The linking between a robot and an operating unit is done by 

10 ■ use of the movable emergency stop button. Any number of op- 
erating units can be active in the cell, but the only operating unit 
able to manipulate the robot is the one in possession of its 
emergency stop button. 

15 Upon return of the emergency stop unit lOd to the control unit 
2d, the operating unit 1 will send a message to the control unit 
informing it about the fact that the emergency stop unit has been 
removed from the operating unit. This will stop the manipulator 
and start the timer in the control unit. The timer is stopped when 

20 the control unit has received the emergency stop unit. If the 
transfer time exceeds a predetermined value, the emergency 
stop will be activated. If it is not possible to communicate with 
the control unit when the emergency stop unit is removed from 
the operating unit, the manipulator is stopped from the moment 

25 the communication is broken, until the control unit has received 
the emergency stop unit. 

As long as the emergency stop unit is not present In the control 
unit, the communication with the operating unit is supervised 

30 and the control unit will emergency stop the robot if the commu- 
nication is broken and the emergency stop unit is not returned 
within a predetermined time interval. The communication can for 
example be broken if the operating unit leaves the radio cover- 
age area. Thus, if the emergency stop unit is still in the operat- 

35 ing unit when the operating unit leaves the radio coverage area, 
the robot will be emergency stopped. 
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For safety reasons it is sometimes desirable to emergency stop 
some, or all of the robots in a robot cell or in the same working 
area, upon activation of the emergency stop button on the oper- 
5 ating unit. Accordingly, in an embodiment of the invention the 
emergency stop unit is adapted for comprising further informa- 
tion about identities of robots which shall be emergency stopped 
at the same time upon activation of the emergency stop button. 

10 In another embodiment of the invention, the emergency stop unit 
comprises a first part fixedly arranged in the control unit and a 
second movable part. The second movable part is used for mes- 
sage encryption and the first part is used for message decryp- 
tion. 

15 

The present invention is not limited to the embodiments dis- 
closed but may be varied and modified within the scope of the 
following claims. For example, the means for carrying informa- 
tion about the identity of the robot could be implemented in a 

20, number of different ways, such as a physical key device, mag- 
netic means, or visible information. The means for reading the 
robot identity from the emergency stop unit could for example be 
a mechanical, magnetic or optical reading means. The electronic 
hardware device in the emergency stop unit is preferably com- 

25 prising a processor and software instructions. 
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CLAIMS . 

1. An industrial robot comprising a manipulator (3), a control 
unit (2) for controlling the manipulator, a portable operating unit 

5 (1) for teaching and manually operating the robot, which oper- 
ating unit is adapted for wireless communication with the control 
unit, and an emergency stop unit Mn). characterized in that said 
emergency stop unit (10) is arranged movable and the portable 
operating unit (1) comprises a first receiving member (8,21) for 

10 receiving the emergency stop unit. 

2 An industrial robot according to claim 1, characterized in 
that it comprises a second receiving member (15, 30) for re- 
ceiving the emergency stop unit (10). arranged at or In connec- 
15 tion with the control unit (2), 

3. An industrial robot according to claim 2, characterized in 
that the control unit (2) comprises means (31) for sensing the 
presence of the emergency stop unit (10) and means for ena- 

20 bling the emergency stop unit upon presence in the second re- 
ceiving member. 

4. An industrial robot according to any of the previous claims, 
characterized in that the portable operating unit (1) comprises 

25 means (21) for sensing the presence of the emergency stop unit 
' (10) and means for enabling the emergency stop unit upon 
presence in the operating unit. 

5. An industrial robot according to any of the previous claims, 
30 characterized in that said, movable emergency stop unit (10) 

comprises means (22) for carrying information about the identity 
of the robot and the portable operating unit (1) comprises means 
(21) for reading the robot identity from the emergency stop unit. 

35 6. An industrial robot according, to claims 2 and 5, characterized 
in that the control unit (2) comprises means for comparing the 
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identity of the robot witli tine identity carried by the emergency 
stop unit (10) and determining whether the identities are equal. 

7. An industrial robot according to claim 5 or 6, characterized 
5 in that the portable operating unit (1) comprises means (9, 27) 

for establishing a communication with the control unit of the 
identified robot. 

8. An industrial robot according to claim 7, nharacterized in 
10 that the communication between the portable operating unit (1) 

and the control unit (2) is carried put via a base station (40) and 
the movable emergency stop unit (10) comprises means (22) for 
carrying information about the address of the base station. 

15 9. An industrial robot according to claim 2, nharacterized in 
that the control unit (2) comprises means (37) for measuring the 
time elapsed between the point of time when the emergency 
stop unit is removed from the second receiving member until a 
communication is established between the portable operating 

20 unit and the control unit. 

10. An industrial robot according to claim 9, characterized in 
that the control unit (2) comprises means for comparing said 
time with a predetermined maximum time and activating the 

25 emergency stop unit depending on the result of said compari- 
son. 

1 1 . An industrial robot according to any of the preceding claims, 
nharacterized In that the movable emergency stop unit compris- 

30 es an electronic hardware device (22). 

12. An industrial robot according to claim 11, characterized in 
that the electronic hardware device comprises a processor. 

.35 13. An industrial robot according to claim "5, characterized in 
that the control unit comprises means for detecting lack of robot 
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Identity in the emergency stop unit and means for transferring 
the identity of the robot to the emergency stop unit. 

14 An industrial robot according to claim 5, characterized in 
5 that the control unit comprises means for detecting lack of robot 
identity in the control unit itself and means for transferring the 
identity of the robot from the emergency stop unit to the control 
unit. 

10 15 An industrial robot system comprising a plurality of indus- 
trial robots, each having a manipulator (3a-3f). a control unit 
(2a-2f) for controlling the manipulator and an emergency stop 
unit (10a-10f). and at least one portable operating unit (1) for 
teaching and programming the robots, which portable operating 

15 unit is adapted for wireless communication with the control 
units rhprp^nterized in that at least one of the emergency stop 
units' are movably arranged and the portable operating unit is 
adapted for receiving the movable emergency stop unit. 

20 16 An industrial robot system according to claim 15, charac- . 
terizedjn that said portable operating unit (1) comprises means 
(20) for sensing the presence of the emergency stop unit (10) 
and means for enabling the emergency stop unit in presence of 
the emergency stop unit in the operating unit. 

17. An industrial robot system according to claim 15 or 16, 
r.haracterized in that said movable emergency stop unit (10) is 
adapted for carrying information about the identity of the robot 
to which it belongs and said portable operating unit (1) com- 
prises means (21) for reading the robot identity from the emer- 
gency stop unit (10) and means (9, 27) for establishing a com- 
munication with the control unit (2) of the identified robot. 

18 An industrial robot system according to claim 17. pharac j: 
35 terized in that the emergency stop unit (10) Is adapted for com- 
prising Information about the identity of at least one further ro- 
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bot in the system which shall be emergency stopped upon acti- 
vation of the emergency stop button. 

19. An Industrial robot system according to claim 17 or 18, 
5 rharacterized in that each of the robots comprises a movable 

emergency stop unit (10) and the robots comprise means (31) 
for receiving the emergency stop unit and means for determining 
whether the received emergency stop unit carries the same 
identification as the robot. 

10 

20. A movable unit (1) for an industrial robot having a manipu- 
lator's) and a control unit (2) for controlling the manipulator, 
the operating unit comprising means (6, 7) for manually operat- 
ing the robot and means for wireless communicating with the 

15 control unit, characterized in that the operating unit further com- 
prises a member (21) for receiving an movable emergency stop 
unit (10). 

21. An operating unit according to claim 20, characterized in 
20 that it comprises means for comparing the identity of the robot 

with the identity carried by the emergency stop unit (10) and 
determining whether the identities are equal. 

22. Ah operating unit according to claim 20 or 21, characterized 
25 in that the operating unit (1) comprises means (21) for reading 

information about the robot identity from the emergency stop 
unit. 

23. An operating unit according to claim 22, characterized in 
30 that it comprises means for displaying said robot identity re- 
ceived from the emergency stop unit. 

24. An operating unit according to any of the claims 22-23, 
characterized in that it comprises means (9, 27) for establishing 

35 a wireless communication with the control unit of the identified 
robot. 
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25. A method for ensuring the functioning of an emergency stop 
unit (10) for an industrial robot comprising a manipulator (3), a 
control unit (2) for controlling the manipulator (3), and a portable 

5 operating unit (1) for teaching and manually operating the robot, 
which portable operating unit is adapted for wireless communi- 
cation with the control unit, characterized in that the method 
comprises the steps of moving the emergency stop unit (10), 
from a place at or in connection with the control unit to the por- 

10 table operating unit (1) and enabling the emergency stop unit 
upon receiving the emergency stop unit in the operating unit. 

26. A method according to claim 25, comprising the step of 
transmitting information about the identity of the robot from the 

15 emergency stop unit to the portable operating unit, 

27. A method according to claim 25 or 26, comprising the step 
of a establishing a wireless communication between the operat- 
ing unit and the control unit of the identified robot when the port- 

20 able operating unit has received the information about the robot 
identity. 

28. A method according to claim 27, comprising the step of 
measuring the time elapsed between the point of time when the 

25 emergency stop unit is being removed from the place at or in 
connection with the control unit until said communication is es- 
tablished between the operating unit and the control unit. 

29. A method according to any of the claims 25-28, comprising 
30 the step of moving the emergency stop unit from the operating 

unit to said place at or In connection with the control unit and 
checking whether the received emergency stop unit carries tlie 
same identification as the robot connected to the control unit. 

35 30. Use of an industrial robot according to any of the claims 1- 
14 for operation control at a spot welding station. 



wo 02/078913 



PCT/SE02/00644 




wo 02/078913 



PCT/SE02/00644 



2/3 

22 12 20 21 




Fig. 3 



wo 02/078913 



PCT/SE02/00644 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 02/00644 



A. CLASSIFICATION OF SUBJECI' MATTER 



IPC7: B25J 9/00, B25J 9/16, G05B 19/00, G05B 19/42 

According to Internationa] Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classincalion symbols) 

IPC7: B25J, G05B, B23q, A63Q, A63G, A63H 



Documentation searched other than minimum documentation to the extent thai such documenls are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic data base consulted during the international search (name of daU biwe and, whcru praciicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Qtation of document, willi indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4888708 A (H, BRANTMARK ET AL), 

19 December 1989 (19.12.89), column 2, 
line 21 - line 30; column 3, line 43 - line 45; 
column 4, line 16 - line 23, li. 33-36, col. 5, 
li35-44, li 60-61, col. 6, li. 39-54, li 65-68, 
col. 7, li.1-2. fig. 1-2 



EP 0536417 Al (FANUC LTD), 14 April 1993 

(14.04.93), column 2, line 29 - line 37; column 3, 
line 27 - line 30; column 3, line 43 - line 58, 
col. 4, li. 1-5, fig 1-3 



1-30 



1-30 



)( Further documents are listed in the continuation of Box C. 



Sec patent family annex. 



* Special categories of cited documente 

"A* document defining the general state of the art u-hich is not considered 

to be of particular relevance 
"E* earlier appHcation or patent but published on or alter the intcrnatifmal 

filing date 

"V document which may throw doubts on prioniy elajm{s) or which is 
cited to establish the publication date of annlhcr dtation or other 
special reason {as. spedGecQ 

'O" document referring no an oral disclosure, uw, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date daimed 



"T" later documcnl puhli.*cd after the international filing date or priority 
dale and not in cmifltct w-iih the application but dtcd to understand 
the principle or theory undcrljing the inmtion 

* X " document of parU cul ar relevance: the daimed invention cannot be 
con^dcrcd novel or cannot he considered to involve an inventive 
ticp when the d(»cumcnt is taken alone 

"y" documcnl ol particular rdcvancc: the daimed invention cannot he 
am'ddercd to involve an inventive step when the document is 
combined with rme or more other such documcntSp such combinabon 
being obvious lr» a person skilled in the art 

"&* document mcmtier of the same patent family 



Date of the actual completion of the international search 



1 Julv 2002 



Date of mailing of the international search report 

,08 -07- 2002 



Name and mailing address of the ISA 

Swedish Patent Office 

Box 5055. S-102 42 STOCKHOLM 

Facsimile No. + 46 8 666 02 86 



Authorized olficcr 

Lars Jakobsson/SN 

Telephone No. 4- 46 8 782 25 00 



Form PCT/ISA,'2lO (second sheet) (July 199S) 



INTERNATIONAL SEARCH REPORT 



Intcrnalional application No. 

PCT/SE 02/00644 



C (Continuation). DOCUMENTS CX)NS1DERED TO BE RELEVAhJT 



Category* 



Gtatioa of document, with indication, where appropriate, of the relevant passages 



KR 2001009584 A (koad)Korea Adv Inst Sci & 

Technology (SMSU)Samsung Corp.) DW 200152(abstract) 
World Patents Index (online) .London, 
U.K.;DerwentPubluications Ltd. (retrieved on 
2001-ll-12)Retrieved from: EPO WPI Database. 



GB 2336890 A (IAN COKER), 3 November 1999 
(03.11.99), See the whole document 



EP 0310958 A (HITACH, LTD.), 12 April 1989 
(12.04.89), See the whole document 



Relevant to claim No. 



1-30 



1-30 



1-30 



Form PCT/lSAiaiO (continuation of second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members /nt^ /n^ 

1U/0d/UZ 


Inlcrnational application No. 

PCT/SE 02/00644 


Patent document 
dted in search report 


Publication 
date 


Patent family 
mcmber(s) 


Publication 
date 



us 



4888708 A 19/12/89 



DE 
JP 
JP 
SE 
SE 



2532048 B 
59011405 A 
436848 B,C 
8203974 A 



11/09/96 
21/01/84 
28/01/85 
29/12/83 



EP 


0536417 


Al 


14/04/93 


JP 


2717459 B 


1 o /no /QQ 

lo/oz/yo 






JP 


5257515 A 


08/10/93 










WO 


9220018 A 


12/11/92 


GB 


2336890 


A 


03/11/99 


AU 


. 739782 B 


18/10/01 








. AU 


6629798 A 


22/09/98 










EP 


0975453 A 


02/02/00 










GB 


9800648 D 


00/00/00 










JP 


2001513707 T 


04/09/01 


EP 


0310958 


A 


12/04/89 


DE 


3866846 A 


23/01/92 






JP 


1092080 A 


11/04/89 






1 




JP 


1963542 C 


25/08/95 










JP 


6088219 B 


09/11/94 










US 


5115179 A 


19/05/92 



Form PCT/1SA:/210 (patent family annex) (July W9tS) 



